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$EVWUDFW7KHGHVLJQSURFHVVRIDZHDUDEOHURERWLFGHYLFHIRUKXPDQDVVLVWDQFH
UHTXLUHVWKHFKDUDFWHUL]DWLRQRIERWKNLQHWLFDQGNLQHPDWLFSDUDPHWHUV..3RI
WKHKXPDQMRLQWV7KHILUVWVWHSLQWKLVSURFHVVLVWRH[WUDFWWKH..3IURPGLIIHUHQW
JDLWDQDO\VHVVWXGLHV7KLVZRUNLVEDVHGRQWKHKXPDQORZHUOLPEFRQVLGHULQJ
WKH IROORZLQJDFWLYLWLHVRIGDLO\ OLYLQJ $'/ZDONLQJRYHUJURXQGVWDLUVDV
FHQGLQJGHVFHQGLQJUDPSDVFHQGLQJGHVFHQGLQJDQGFKDLUVWDQGLQJXS7KHXV
DJHRIGLIIHUHQWJDLWDQDO\VHVLQWKHFKDUDFWHUL]DWLRQSURFHVVFDXVHVWKHGDWDWR
KDYHJUHDWYDULDWLRQVIURPRQHVWXG\WRDQRWKHU7KHUHIRUHWKHGDWDLVJUDSKLFDOO\
UHSUHVHQWHGXVLQJ0DWODEDQG([FHOWRIDFLOLWDWHLWVDVVHVVPHQW)LQDOO\WKH
FKDUDFWHUL]DWLRQRIWKH..3SHUIRUPHGZDVSURYHGWREHXVHIXOLQDVVHVVLQJWKH
GDWDUHOLDELOLW\E\GLUHFWO\FRPSDULQJDOOWKHVWXGLHVEHWZHHQHDFKRWKHUSURYLG
LQJJXLGHOLQHVIRUWKHVHOHFWLRQRIDFWXDWRUFDSDFLWLHVGHSHQGLQJRQWKHHQGDS
SOLFDWLRQDQGKLJKOLJKWLQJRSWLPL]DWLRQRSSRUWXQLWLHVVXFKDVWKHLPSOHPHQWDWLRQ
RIDJRQLVWDQWDJRQLVWDFWXDWRUVIRUSDUWLFXODUKXPDQMRLQWV
.H\ZRUGVZHDUDEOHURERWLFVJDLWDQDO\VLVORZHUOLPENLQHPDWLFVNLQHWLFV
 ,QWURGXFWLRQ
7KHFKDUDFWHUL]DWLRQRINLQHWLFDQGNLQHPDWLFSDUDPHWHUV..3GHVFULEHGDVIRO
ORZVLVIRFXVHGRQZHDUDEOHURERWLFVDSSOLFDWLRQVIRUKXPDQDVVLVWDQFHVXFKDVH[R
VNHOHWRQVH[RVXLWVVRIWRUWKRVHVHWF7KHODWWHUGHYLFHVSURYLGHDVVLVWDQFHE\GHOLYHU
LQJURWDWLRQDOIRUFHVWRUTXHVWRWKHERG\MRLQWRILQWHUHVWXVLQJGLIIHUHQWW\SHVRIDF
WXDWRUV7KHEURDGUDQJHRIDFWXDWLRQWHFKQRORJLHVFXUUHQWO\DYDLODEOHKDVJLYHQELUWK
WRPDQ\IXQFWLRQDOSURWRW\SHVFDSDEOHRIDVVLVWLQJKXPDQPRWLRQVGXULQJVHYHUDODF
WLYLWLHV
7KHGHVLJQSURFHVVRIDZHDUDEOHURERWLFGHYLFHLQFOXGHVWKHFKDUDFWHUL]DWLRQRIERWK
..3IRUWKHKXPDQMRLQWVLQWHQGHGWREHDVVLVWHGZKLFKDOORZVWKHGHYLFHWREHWDLORUHG
WRDSDUWLFXODUDSSOLFDWLRQZKHWKHUDVVLVWLQJDQHOGHUDGXOWRUDOORZLQJDGLVDEOHSDWLHQW
WRZDON7KHHIIHFWLYHQHVVRIHDFKSURWRW\SHLVFRPPRQO\DVVHVVHGE\PHDVXULQJWKH
PHWDEROLFFRVWUHGXFWLRQGHOLYHUHGWRWKHXVHUZKLOHSHUIRUPLQJDQDFWLYLW\>@+RZ
HYHU WKH ODWWHU UHTXLUHVVSHFLDOL]HGHTXLSPHQW$QDOWHUQDWLYHZD\ LVFRPSDULQJ WKH
UDQJHRIPRWLRQDQGWRUTXHGHOLYHUHGWRWKHDVVLVWHGMRLQWZLWKWKHYDOXHVFRPPRQO\
IRXQGLQKXPDQVGXULQJDFHUWDLQDFWLYLW\7KLVW\SHRIGDWDLVDYDLODEOHLQJDLWDQDO\VLV
VWXGLHV,QDGGLWLRQWRWKHODWWHUDSSOLFDWLRQWKLVGDWDFDQEHXVHGDVGHVLJQJXLGHOLQHV
&KDUDFWHUL]DWLRQRINLQHWLFDQGNLQHPDWLFSDUDPHWHUVIRUZHDUDEOHURERWLFV
ZKHQGHYHORSLQJDZHDUDEOHURERWLFGHYLFHHJWKHWRUTXHLQIRUPDWLRQFDQEHXVHGWR
FKRRVHWKHSURSHUDFWXDWLRQWHFKQRORJ\7KHUHIRUHWKHJDLWDQDO\VLVGDWDLVFRPPRQO\
XVHGLQWKHGHYHORSPHQWRIZHDUDEOHURERWLFGHYLFHVVLQFHLWFDQSURYLGHGHVLJQJXLGH
OLQHVVSHFLILFWRWKHDFWLYLW\RILQWHUHVWDQGFDQEHXVHGWRDVVHVVWKHGHJUHHRIDVVLVWDQFH
SURYLGHGE\DSURWRW\SH
*DLWDQDO\VLVVWXGLHVXVXDOO\SURYLGH..37KHNLQHPDWLFSDUDPHWHUVGHVFULEHWKH
KXPDQERG\PRWLRQHJWKHMRLQWDQJOHYHORFLW\DQGDFFHOHUDWLRQZKHUHDVWKHNLQHWLF
SDUDPHWHUVGHVFULEHWKHIRUFHVFDXVLQJWKLVPRWLRQHJMRLQWWRUTXHDQGSRZHU7KH
PRVWFRPPRQO\ LPSOHPHQWHGPHWKRG WRH[WUDFW WKHVHSDUDPHWHUV LVPRWLRQFDSWXUH
+RZHYHURWKHUWHFKQRORJLHVVXFKDVVRIWVWUDLQVHQVRUV>@HOHFWURJRQLRPHWHUV>@DQG
LQHUWLDOPHDVXUHPHQWXQLWV,08KDYHDOVREHHQXVHG/DVWO\LWLVLPSRUWDQWWRPHQWLRQ
WKDWWKHVHVWXGLHVGLIIHUEHWZHHQRQHDQRWKHULQPDQ\DVSHFWVDSDUWIURPWKHFKRLFHRI
WHFKQRORJ\ VXFK DV VXEMHFWV¶ JHQGHU DJH ZHLJKW HWF DV ZHOO DV WKH VHWXS RI WKH
H[SHULPHQWV

)LJ'DWDFRPSLOHGIURPVHYHUDOH[SHULPHQWVIRUZDONLQJRYHUJURXQGDFWLYLWLHV7KHZHLJKW
QH[WWRWKHQDPHRIVRPHDFWLYLWLHVGLFWDWHVWKHORDGFDUULHGE\WKHVXEMHFWVGXULQJWKHH[SHULPHQW
7KHWRUTXHDQGSRZHUDUHSUHVHQWHGLQWKHVDPHD[LVVLQFHWKHLUYDOXHVVKDUHWKHVDPHRUGHURI
PDJQLWXGH7KHJDLWDQDO\VLVVWXGLHVDUHDVIROORZV>@>@>@
7KLVZRUNLVIRFXVHGRQGHVFULELQJWKHFKDUDFWHUL]DWLRQSURFHVVWKDWEDVHGRQWKH
H[WUDFWLRQRIWKH..3IURPKXPDQORZHUOLPEVFDQEHXVHGDVJXLGHOLQHVLQWKHGHVLJQ
RIZHDUDEOH URERWLFGHYLFHV7KHJDLWDQDO\VLV VWXGLHVPHQWLRQHGKHUHZHUHVHOHFWHG
DFFRUGLQJWRWKHDFWLYLWLHVRIGDLO\OLYLQJ$'/VRILQWHUHVWZDONLQJDVFHQGLQJGH
VFHQGLQJVWDLUVDVFHQGLQJGHVFHQGLQJUDPSVDQGFKDLUVWDQGLQJXS7KHGDWDIRUWKH
KLSNQHHDQGDQNOHMRLQWVLVH[WUDFWHGDQGFRPSLOHG)XUWKHUPRUHWKHGDWDLVYLVXDOO\
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+LSDQJOHWRUTXHDQGSRZHUGXULQJZDONLQJRYHUJURXQG
$QJOH 7RUTXH 3RZHU
&KDUDFWHUL]DWLRQRINLQHWLFDQGNLQHPDWLFSDUDPHWHUVIRUZHDUDEOHURERWLFV
UHSUHVHQWHGLQFKDUWVRIFOXVWHUHGVWDFNHGEDUVLQRUGHUWRDOORZIRUTXLFNFRPSDULVRQV
WREHPDGHEHWZHHQGLIIHUHQWJDLWDQDO\VLVVWXGLHV)LQDOO\FKDUWVZHUHSURGXFHG
IURPWKHFRPSLOHGGDWDXVLQJ([FHORQHRIWKHPLVSUHVHQWHGLQ)LJZKLFKFRQFHQ
WUDWHVWKHGDWDIRUDVLQJOHMRLQWGXULQJGLIIHUHQWDFWLYLWLHV LQWKLVFDVHYDULDWLRQVRI
ZDONLQJRYHUJURXQG7KHSDUDPHWHUVRIWKHMRLQWDQJOHWRUTXHDQGSRZHUDUHLQFOXGHG
$FWLYLWLHVDUHQDPHGWRSURYLGHLQVLJKWWRWKHPDLQIHDWXUHVRIWKHH[SHULPHQWLHWKH
ZDONLQJVSHHGDQGORDGFDUULHGE\WKHVXEMHFWV)LQDOO\WKHFRPSLOHGGDWDLVSUHVHQWHG
LQ WZR PRUH FKDUW VW\OHV LQ WKH IROORZLQJ VHFWLRQV WRKLJKOLJKW WKH EHQHILWV RI WKLV
JUDSKLFUHSUHVHQWDWLRQ
 *DLW$QDO\VLV'DWD
*DLW$QDO\VLVVWXGLHVSURYLGHWKHGHVFULSWLRQRIWKHSHUIRUPHGH[SHULPHQWLQFOXG
LQJWKHQXPEHURIVXEMHFWVLQWKHJURXSVXEMHFWV¶FKDUDFWHULVWLFVVXFKDVDJHZHLJKW
KHLJKWJHQGHUDQGKHDOWKFRQGLWLRQH[SHULPHQWFKDUDFWHULVWLFVVXFKDVZDONLQJVSHHG
UDPSLQFOLQDWLRQVWDLUVJHRPHWU\LQLWLDOVLWWLQJSRVLWLRQDQGVSHFLDOFRQGLWLRQVVXFK
DVZKHWKHUVXEMHFWVDUHFDUU\LQJDORDGRUQRW7KHVXEMHFWV¶FKDUDFWHULVWLFVDUHDOZD\V
SUHVHQWHGLQPHDQDYHUDJHYDOXHVRIWKHZKROHJURXS,QDVLPLODUZD\WKHGHULYHG
GDWDWRUTXHDQGSRZHULVSUHVHQWHGLQPHDQYDOXHVDQGLVQRUPDOL]HGXVLQJWKHVXE
MHFWV¶KHLJKWLQWKHFDVHRIWKHJDLWF\FOHVSHHGDQGWKHVXEMHFWV¶ZHLJKWLQWKHFDVHRI
WKHWRUTXHRIHDFKMRLQW7KHQRUPDOL]DWLRQLVDSSUHFLDWHGLQWKHXQLWVIRUWRUTXHDQG
SRZHULQ)LJEHLQJ1PNJDQG:NJUHVSHFWLYHO\7KHGDWDXVHGLQWKHQRUPDOL]D
WLRQSURFHVV LVXVXDOO\SURYLGHGDVPHDQYDOXHVRI WKHVXEMHFWV¶JURXS¶VKHLJKWDQG
ZHLJKW+RZHYHULQVRPHVWXGLHVOLNHWKHRQHLQ>@WKHJDLWF\FOHVSHHGLVQRWH[SOLF
LWO\SURYLGHGQRULWFDQEHFDOFXODWHGEHFDXVHWKHQRUPDOL]DWLRQSURFHVVLVGRQHFRQVLG
HULQJ HDFK VXEMHFW¶V FKDUDFWHULVWLFV DQG QRW WKH PHDQ YDOXHV RI WKH VXEMHFWV JURXS
$JDLQWKLVLVUHIOHFWHGLQ)LJZKHUHWKHZDONLQJVSHHGIRUDFWLYLW\LVQRWLQFOXGHG
LQWKHQDPH
)URPRQHVWXG\WRDQRWKHUWKHVXEMHFWVJURXSLVH[SHFWHGWREHGLIIHUHQWDQGGLYHUVH
LQVHYHUDOFKDUDFWHULVWLFV7KLVGLYHUVLW\FDXVHVVHJPHQWDWLRQRIWKHZKROHJURXSHJ
LQWKHVWXG\SHUIRUPHGLQ>@WKHUHLVDVHJPHQWDWLRQRIWKHJURXSLQWZRGLIIHUHQWUDQJH
RIDJHV2QHJURXSLQFOXGHGVXEMHFWVIURPWR\HDUVROGPHDQZKLOHWKHVXEMHFWV
IURPWKHRWKHUJURXSKDYHDJHV UDQJHG IURP WR\HDUVROG7KH ODWWHUSUHVHQWHG
HYLGHQFHRIDJHUHODWHGGLIIHUHQFHVZKLFKGLVSURYHGWKHFRQFOXVLRQVRQSUHYLRXVZRUNV
ZKHUHWKHVHGLIIHUHQFHDUHQRQH[LVWHQW1HYHUWKHOHVVZKHQQRVLJQLILFDQWGLIIHUHQFH
LVDSSUHFLDWHGLQWKHGDWDGHVSLWHWKHVXEMHFWV¶DJHGLYHUVLW\WKHGDWDLVFRPSLOHGLQWRD
VLQJOHFOXVWHUDQGQRVHJPHQWDWLRQLVSHUIRUPHGVXFKDVWKHFDVHLQ>@
7KHXVDJHRIPRWLRQFDSWXUHDOORZVWKHH[WUDFWLRQRIWKHNLQHPDWLFSDUDPHWHUVVXFK
DVWKHMRLQWDQJOH6LPLODUO\WKHNLQHWLFVRIWKHKXPDQERG\DUHREWDLQHGXVLQJIRUFH
SODWHVZKLFKPHDVXUHWKHJURXQGUHDFWLRQIRUFHVDUHTXLUHGSDUDPHWHUWRFDOFXODWHWKH
MRLQWWRUTXHDQGSRZHU7KHUHIRUHWKHVHWRISDUDPHWHUVXVXDOO\IRXQGLQJDLWDQDO\VLV
VWXGLHVFRQWDLQVWKHMRLQWDQJOHMRLQWWRUTXHDQGMRLQWSRZHU7KHDFWLYLW\JDLWF\FOHLV
XVXDOO\SUHVHQWHGLQDFKDUWDFFRPSDQLHGZLWKWDEOHVKLJKOLJKWLQJWKHPD[LPXPPLQL
PXPDQGPHDQYDOXHVRIWKHJDLWF\FOH
&KDUDFWHUL]DWLRQRINLQHWLFDQGNLQHPDWLFSDUDPHWHUVIRUZHDUDEOHURERWLFV
)RUWKHFKDUDFWHUL]DWLRQRIWKHKXPDQ..3WKHYDOXHVIRUWKHPD[LPXPDQGPLQL
PXPRIHDFKSDUDPHWHUDUHRILQWHUHVWPRUHVSHFLILFDOO\WKHGLIIHUHQFHVEHWZHHQWKHP
0RVWVWXGLHVSUHVHQWWKHVHYDOXHVLQWKHIRUPRIWDEOHVDQGFKDUWV>@VRPHRIWKHP
HYHQSURYLGHWKHZKROHH[SHULPHQWGDWDVHW>@:KHQDGDWDWDEOHLVDYDLODEOHWKHH[
WUDFWLRQRI WKHYDOXHV LV VWUDLJKW IRUZDUG1HYHUWKHOHVV FDVHVVXFKDV >±@GRQRW
SURYLGHDQ\WDEOHDQGWKHGDWDKDYHWREHH[WUDFWHGYLVXDOO\GHFUHDVLQJWKHGDWDDFFX
UDF\KHQFH LWV UHOLDELOLW\/LNHZLVH LW FDQEH WKHFDVH IRU VRPHVWXGLHV WR IRFXVRQ
VSHFLILFIHDWXUHVRIWKHJDLWF\FOHVXFKDVPD[LPXPDQGPLQLPXPYDOXHVRIHDFKSD
UDPHWHURUHYHQZRUVHQRWSURYLGHRQHRUPRUHRIWKHSDUDPHWHUVRILQWHUHVWDQJOH
WRUTXHRUSRZHU
 &KDUDFWHUL]DWLRQRI/RZHU/LPE3DUDPHWHUV
7KHYDULDWLRQVRIWKHGDWDIURPRQHH[SHULPHQWWRDQRWKHUFDQEHUHGXFHGE\IRFXV
LQJRQ WKH UDQJHREWDLQHGIURP WKHGLIIHUHQFHEHWZHHQWKHPD[LPXPDQGPLQLPXP
YDOXHVRIHDFKSDUDPHWHU$VLOOXVWUDWHGLQ)LJGHVSLWHWKHYDULDWLRQVEHWZHHQWKH
PD[LPXPDQGPLQLPXPYDOXHVIURPRQHH[SHULPHQWWRDQRWKHU WKHDFWXDOUDQJHRI
HDFKSDUDPHWHULVVLPLODUDPRQJDOOWKHH[SHULPHQWV7KHPHDQUDQJHRIPRWLRQIRUWKH
KLSMRLQWDQJOHWKURXJKRXWDOOWKHH[SHULPHQWVVKRZHGLQ)LJZDONLQJRYHUJURXQG
ZDVIRXQGWREHGHJUHHV:KHQFRPSDULQJWKHODWWHUPHDQUDQJHYDOXHZLWKWKH
UDQJHYDOXHRIHDFKH[SHULPHQWWKHJUHDWHVWYDULDWLRQEHWZHHQWKRVHLV7KHSUH
YLRXVFDOFXODWLRQFDQEHXVHGWRGHFLGHGHVLJQSDUDPHWHUVRIWKHZHDUDEOHURERWLFGH
YLFHWREHGHYHORSHGVXFKDVZKLFKUDQJHRIPRWLRQVKRXOGEHFRYHUHGE\WKHGHYLFH
GHSHQGLQJRQZKLFKVHFWRURIWKHSRSXODWLRQLVLQWHQGHGWREHDVVLVWHGRULIWKHPHDQ
UDQJHRIPRWLRQYDOXHLVXVHGWKHSHUFHQWDJHRIWKHIRFXVHGSRSXODWLRQEHLQJFRYHUHG
1HYHUWKHOHVVWKHREMHFWLYHLQUHSUHVHQWLQJWKHGDWDYLVXDOO\DVLQ)LJLVWRDOORZ
TXLFNFRPSDULVRQVZLWKJRRGDFFXUDF\KHQFHDYRLGLQJHDUO\FDOFXODWLRQV
7DEOHFRQWDLQVWKHWRUTXHPHDQUDQJHRIWKHKLSMRLQWGXULQJVHYHUDO$'/V7KH
GDWDZDVH[WUDFWHGIURPDSUHYLRXVO\FRPSLOHGWDEOHFRQWDLQLQJVHYHUDOFOLQLFDOVWXGLHV
7KHPHQWLRQHGWDEOHLVQRWSUHVHQWHGLQWKLVZRUNGXHWRLWVODUJHVL]H+RZHYHUWKH
REWDLQHGPHDQUDQJHYDOXHVDQGWKHFOLQLFDOVWXGLHVXVHGWRH[WUDFWWKHPD[LPXPDQG
PLQLPXPYDOXHVRIWKHWRUTXHIRUHDFKDFWLYLW\DUHSURYLGHGLQ7DEOHZKLFKDUHVXI
ILFLHQWHQRXJKWRGHVFULEHWKHEHQHILWVRIYLVXDOL]LQJWKHGDWDJUDSKLFDOO\
7DEOH7RUTXHPHDQUDQJHVIRUWKHKLSMRLQWGXULQJVHYHUDO$'/V(DFKPDLQDFWLYLW\LVFRP
SRVHGRIVHYHUDOFOLQLFDOVWXGLHVZLWKGLIIHUHQWSDUDPHWHUVEHWZHHQRQHDQRWKHU
0DLQ$FWLYLW\ +LS7RUTXH0HDQ5DQJH1PNJ &OLQLFDO6WXGLHV
:DONLQJ ± >±@
6WDLUV$VFHQGLQJ ± >@6WDLUV'HVFHQGLQJ ±
5DPS$VFHQGLQJ ± >@5DPS'HVFHQGLQJ ±
&KDLU6WDQG8S ± >@
&KDUDFWHUL]DWLRQRINLQHWLFDQGNLQHPDWLFSDUDPHWHUVIRUZHDUDEOHURERWLFV
7KHGDWDSUHVHQWHG LQ7DEOH LVXVHG WRSORW WKHFKDUW LOOXVWUDWHG LQ)LJXVLQJ
0DWODEIROORZLQJDVLPLODUDSSURDFKDVWKHRQHSUHVHQWHGLQ>@ZKHUHWKHUDQJHRI
PRWLRQRIWKHNQHHMRLQWLVFRPSLOHGLQWRDFKDUWIRUGLIIHUHQW$'/V7KHFKDUWVW\OH
XVHGLQ)LJKLJKOLJKWVWZRLPSRUWDQWGHVLJQSDUDPHWHUVWKHDFWXDWRUVLPSOHPHQWHG
LQWKHZHDUDEOHURERWLFGHYLFHWREHGHYHORSHGPXVWEHDEOHWRGHOLYHUWRUTXHVLQERWK
FORFNZLVHDQGDQWLFORFNZLVHGLUHFWLRQV DQG WKHDFWXDODFWXDWRU WRUTXHFDSDFLW\GH
SHQGLQJRQWKHDFWLYLWLHVRILQWHUHVW

)LJ,OOXVWUDWLRQRIWKHUDQJHYDOXHVRIWKHWRUTXHGXULQJVHYHUDODFWLYLWLHV7KHYDOXHVIRUWKH
PD[LPXPDQGPLQLPXPWRUTXHDUHPHDQYDOXHVREWDLQHGE\DYHUDJLQJWKHGDWDRIDOOWKHGLIIHU
HQWJDLWDQDO\VLVH[SHULPHQWVHQFORVHGLQRQHPDLQDFWLYLW\7KHGDWDXVHGWRFUHDWHWKLVFKDUWLV
SUHVHQWHGLQ7DEOH
$QDOWHUQDWLYHYLVXDOUHSUHVHQWDWLRQRIWKHGDWDDYDLODEOHLQJDLWDQDO\VHVZRUNVWR
JURXSWKHUDQJHRIDVSHFLILFSDUDPHWHUDQGFRPSDULQJLWZLWKRQHRIWKHVXEMHFWV¶SK\V
LFDOFKDUDFWHULVWLFVHJWKHDJHUDQJH)LJLOOXVWUDWHVWKHGHSHQGHQF\RIWKHVXEMHFWV¶
DJHZLWKWKHNQHHUDQJHRIPRWLRQ7KHFRORXUFRGHXVHGLQ)LJWKHDJHUDQJHVDQG
NQHHUDQJHVRIPRWLRQDUHSUHVHQWHGLQ7DEOH
7KHFKDUWVKRZQLQ)LJFRQFHQWUDWHVWKHGDWDIURPWKUHHGLIIHUHQWJDLWDQDO\VHVLQ
ZKLFKVL[DJHJURXSVDUHFRQWDLQHG7KHDSSURDFKXVHGLQ)LJLVWRRYHUODSDUHDVRI
GLIIHUHQWFRORXUVHDFKDUHDUHSUHVHQWVWKHUDQJHRIPRWLRQRIWKHNQHHIRUDVSHFLILFDJH
UDQJH7KHDUHDLQZKLFKVHYHUDODUHDVLQWHUVHFWFDQEHDSSUHFLDWHGGXHWRWKHHQDEOHG
WUDQVSDUHQF\SURSHUW\1HYHUWKHOHVVWKHDUHDVZKHUHWKUHHDQGWZRDUHDVDUHLQWHUVHFWHG
DUHPDQXDOO\KLJKOLJKWHGE\DVXUURXQGLQJVROLGOLQHDQGGRWWHGOLQHUHVSHFWLYHO\ WR
LPSURYHWKHLUYLVXDOL]DWLRQ7KLVVLPSOHLQWHUVHFWLRQRIDUHDVFDQSURYLGHLQIRUPDWLRQ
UHJDUGLQJWKHUHTXLUHGUDQJHRIPRWLRQWREHGHOLYHUHGE\WKHZHDUDEOHURERWLFGHYLFH
GHSHQGLQJWKHVHFWRURIWKHSRSXODWLRQIRFXVHGRQ
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 7RUTXH5DQJHRIWKH+LS-RLQW'XULQJ$'/
&KDUDFWHUL]DWLRQRINLQHWLFDQGNLQHPDWLFSDUDPHWHUVIRUZHDUDEOHURERWLFV
7DEOH&RORXUFRGHXVHGLQ)LJIRUHDFKFRPELQDWLRQRIDJHUDQJHDQGNQHHUDQJHRIPRWLRQ
7KH NQHH UDQJH RI PRWLRQ LV SURYLGHG LQ GHJUHHV 7KH FOLQLFDO VWXGLHV ZKHUH WKH GDWD ZDV
H[WUDFWHGIURPDUHDOVRSURYLGHG
&RORXU&RGH .QHH5DQJHRI0RWLRQ $JH5DQJH<HDUV &OLQLFDO6WXG\
5HG ±  >@
*UHHQ ±  >@%OXH ±   
<HOORZ   >@0DJHQWD  
&\DQ ±    >@


)LJ&KDUW LOOXVWUDWLQJ WKHFRPSDULVRQEHWZHHQVXEMHFWV¶DJHDQG WKHNQHHUDQJHRIPRWLRQ
GXULQJZDONLQJRYHUJURXQG7KHDUHDVVXUURXQGHGE\VROLGOLQHVDQGGRWWHGOLQHVUHSUHVHQWWKH
LQWHUVHFWLRQEHWZHHQ WKUHHDQG WZRDUHDV UHVSHFWLYHO\7KHRYHUODSSLQJVTXDUHVKLJKOLJKW WKH
JUHDWVLPLODULW\DPRQJWKHUDQJHRIPRWLRQGHVSLWHVXEMHFWV¶DJH7KHGDWDXVHGWRFUHDWHWKLV
FKDUWLVSUHVHQWHGLQ7DEOH
)RUH[DPSOHLIDZHDUDEOHURERWLFGHYLFHZDVDLPLQJWRDVVLVWWKHSRSXODWLRQVHFWRU
DJHGIURPWR\HDUVROGWKHQDUDQJHRIPRWLRQRIWKHNQHHMRLQWIURPWR
ZRXOGEHHQRXJKWRFRYHUWKHPHQWLRQHGSRSXODWLRQ7KHODWHUUDQJHRIPRWLRQLVWDNHQ
IURPWKHWULSOHLQWHUVHFWLRQRIDUHDVLOOXVWUDWHGLQ)LJZKLFKFDQSURYLGHDFHUWDLQ
GHJUHH RI FRQILGHQFH VLQFH WKUHH GLIIHUHQW FOLQLFDO VWXGLHV ZHUH FRPSDUHG 7KLV DS
SURDFK FDQ EH XVHG WR FRPSDUH RWKHU FKDUDFWHULVWLFV HJ VXEMHFW¶V ZHLJKW DJDLQVW
WRUTXH6XPPDUL]LQJWKHDUHDVRYHUODSSLQJDSSURDFKFDQSURYLGHJXLGHOLQHVWRDYRLG
&KDUDFWHUL]DWLRQRINLQHWLFDQGNLQHPDWLFSDUDPHWHUVIRUZHDUDEOHURERWLFV
RYHUVL]LQJRIWKHZHDUDEOHURERWLFGHYLFHWREHGHYHORSHGE\DQDO\VLQJWKHLQWHUVHFWLRQ
RIGLIIHUHQWDUHDVZKLFKXOWLPDWHO\SURYLGHVDGHJUHHRIFRQILGHQFHZKHQGHFLGLQJGH
VLJQSDUDPHWHUV
/DVWO\WKHVDPHYLVXDOSUHVHQWDWLRQLPSOHPHQWHGLQ)LJLVLOOXVWUDWHGDVIROORZV
LQ )LJ  LQ WKLV FDVH IRU WKH NQHH MRLQW GXULQJ VHYHUDO DFWLYLWLHV RI VWDLUV
DVFHQGLQJGHVFHQGLQJ7KHLPSRUWDQWGHWHFWHGIHDWXUHLVQRWWKHVLPLODULW\DPRQJWKH
UDQJH RI PRWLRQ EXW WKH PLUURUHG YDOXHV VKRZQ IRU WKH WRUTXH SDUDPHWHU ,Q RWKHU
ZRUGVWKHWRUTXHYDOXHVUHTXLUHGIRUGHVFHQGLQJVWDLUVLVFRPSOHWHO\RSSRVLWHLQGLUHF
WLRQDQGWZLFHDVELJLQPDJQLWXGHDVWKHRQHUHTXLUHGIRUDVFHQGLQJVWDLUV7KHODWWHU
LOOXVWUDWHVDQRSWLPL]DWLRQRSSRUWXQLW\:KHQGHVLJQLQJDZHDUDEOHURERWLFGHYLFHIRU
KXPDQIRUKXPDQDVVLVWDQFHWKHDFWXDWRULVFKRVHQWRVDWLVI\DFHUWDLQWRUTXHUDQJHRI
DSDUWLFXODUDFWLYLW\:LWKRXWWKHFKDUDFWHUL]DWLRQRIWKHSDUDPHWHUVSHUIRUPHGWKHDF
WXDWRULVPRVWOLNHO\WREHRYHUVL]HGWRFRPSO\ZLWKWKHPRVWGHPDQGLQJSDUWRIWKH
DFWLYLW\+RZHYHUDGLIIHUHQWDSSURDFKFRXOGEHSURSRVHGDJRQLVWDQWDJRQLVWDFWXD
WRUVDWHFKQLTXHLPSOHPHQWHGLQVHYHUDOZHDUDEOHURERWLFGHYLFHVZKLFKDWWKHVDPH
WLPHFRPSOLHVZLWKWKHDFWXDOIXQFWLRQDOLW\RIWKHKXPDQPXVFXORVNHOHWDOV\VWHP


)LJ'DWDFRPSLOHGIURPVHYHUDOVWDLUVDVFHQGLQJGHVFHQGLQJH[SHULPHQWV7KHQXPEHUHQ
FORVHGLQEUDFNHWVUHSUHVHQWVWKHVWDLUVVORSH7KHSDUDPHWHUVRIWRUTXHDQGSRZHUDUHSUHVHQWHG
LQWKHVDPHD[LVVLQFHWKHLUYDOXHVKDYHWKHVDPHRUGHURIPDJQLWXGH7KHJDLWDQDO\VLVVWXGLHV
DUHDVIROORZV>@>@
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.QHHDQJOHWRUTXHDQGSRZHUGXULQJVWDLUVDVFHQGLQJGHVFHQGLQJ
$QJOH 7RUTXH 3RZHU
&KDUDFWHUL]DWLRQRINLQHWLFDQGNLQHPDWLFSDUDPHWHUVIRUZHDUDEOHURERWLFV
 &RQFOXVLRQ
7KHZRUNSUHVHQWHGKHUHGHVFULEHGWKHSURFHVVRIFKDUDFWHUL]LQJWKHKXPDQORZHU
OLPENLQHPDWLFVDQGNLQHWLFVSDUDPHWHUVGXULQJVRPH$'/V7KHUHOHYDQWLQIRUPDWLRQ
SURYLGHG LQJDLW DQDO\VLV H[SHULPHQWVZDVGHVFULEHG DVZHOO DV SRVVLEOH FKDOOHQJHV
ZKHQH[WUDFWLQJLW'DWDFRPSLOHGIRUWKHDFWLYLWLHVRIZDONLQJDVFHQGLQJGHVFHQGLQJ
VWDLUVDVFHQGLQJGHVFHQGLQJUDPSVDQGFKDLUVWDQGLQJXSZHUHSUHVHQWHGLQWKHIRUPRI
FOXVWHUHGVWDFNHGEDUFKDUWV
7KHXVHIXOQHVVRIFRPSLOLQJDGDWDWDEOHDQGYLVXDOO\UHSUHVHQWLQJLWZDVPHQWLRQHG
7KHFOXVWHUHGVWDFNHGEDUFKDUWDOORZHGTXLFNDQGHDV\GHWHFWLRQRIVLPLODULWLHVGLIIHU
HQFHVEHWZHHQVHYHUDOFOLQLFDOWULDOVRIWKHVDPHDFWLYLW\7KHVLPLODULW\EHWZHHQWKH
UDQJHVRIYDOXHVRIDVSHFLILFSDUDPHWHUDOVRGLFWDWHVWKHUHOLDELOLW\ZKHQLPSOHPHQWLQJ
WKHGDWDDVGHVLJQJXLGHOLQHV7KHGDWDIHDVLELOLW\FDQEHFRUURERUDWHGE\WKHFKDUWVW\OH
ZLWKVXEMHFWV¶DJHUDQJHVDJDLQVWWKHNQHHUDQJHVRIPRWLRQE\DVVHVVLQJWKHQXPEHURI
RYHUODSSLQJDUHDV,QFRQWUDVWWKHVSRWWHGGLIIHUHQFHVDVWKHRQHVIRUWKHNQHHWRUTXH
YDOXHVGXULQJDVFHQGLQJGHVFHQGLQJVWDLUVDUHLQGLFDWRUVIRURSWLPL]DWLRQRSSRUWXQLWLHV
ZKHUHLQVWHDGRIXVLQJDVLQJOHDFWXDWRUWRVDWLVI\WKHWRUTXHUDQJHDQDJRQLVWDQWDJR
QLVWV\VWHPFRXOGEHPRUHVXLWDEOH0RUHRYHUWKHFKDUWVW\OHZLWKWKHUDQJHVRIPRWLRQ
YHUVXVDFWLYLWLHVIDFLOLWDWHVWKHFKRLFHRIWKHDFWXDWRUW\SHDQGGLPHQVLRQGHSHQGLQJRQ
WKHDFWLYLWLHVRILQWHUHVW)LQDOO\WKHVW\OHXVHGWRUHSUHVHQWWKHFKDUWVLQWKLVZRUNZDV
NHSWDVVLPSOHDVSRVVLEOHZKLOHSURYLGLQJXVHIXOLQIRUPDWLRQDERXWWKH..3+RZHYHU
PRUHFRPSOH[SORWWLQJPHWKRGVFDQEHXVHGHJWKHSDWWHUQHGIUDPHVXVHGLQWKHFKDUW
RIRYHUODSSLQJDUHDVFRXOGEHDXWRPDWLFDOO\FUHDWHGE\WKHSORWWLQJVRIWZDUHLQVWHDGRI
EHLQJPDQXDOO\DGGHGDOORZLQJDIDVWHUDVVHVVPHQWRIWKHIHDVLELOLW\RIWKHGDWD
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